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icHEieii 
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[a¥A|#] 1. fief>M-SAilAi(£a)_l» 2.^Sl.Ue 
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^;^>: 2004/6/3 



7^]^^-7] ^«|- ^7l#S I^, III^ ^ ^l^^M 

(W-(III^)-(VI^)2^ 'S-^*^ (1) 7m (III 

^)-(VI^) «^l-§-^<^ -^71 7]^ ^^^<^1 III-VI 51-^1- 

^^1; (2) ^7] (iii^)-(vi^) ^^-^-H], i^*>^ o1-§-^>^, -^71 

^%^«=fl ^«fl (i^)2-(vi^)^^^ ^ (3) ^7l (I^)2-(VI 

^) ^^^'=fl (III^)-(VI^) <^l-8-^<^. -B-71 7]^ ^%^«^ (I 

^)-(III^)-(VI^)2 ;^lS^Vfe i^^>^ (I^)-(III^)-(VI^)2 ^^1-^ ^12: 

S. 1 



21-2 




%^ 2004/6/3 



[^^^ ^^1 

(l^)-(3^)-(6^)2 ^5E.7^]s3t H JL^:^1 ^ >J<l-^«^VoM«^l^«^l2l- 7l^^ 

^x) «<}-i^{A method for the fabrication of thin-film I-III-VI2 compound 

semiconductors and its solid solutions, and the absorber layers of solar cells based on 
CuInSe2} 

S. 1^ «g^AH]6|l rc|-^ CIGS 100^ 7^^^^S. 

H 2^ ^ ^^<^ ttj-s^- inSe XRD M-^'fi liLiflH. 

S. 3^ ^ ^^^1 Cu2Se ^1-^^ XRD M-^^^ n.^^. 

2. 4fe ^ ^^"^1 CuInSe2 XRD ^^tfl^ H^flH.. 

£ 5^ CuIni-xGaxSe2 XRD i-fB^-tfl^ nsflH. 

£ 6^ ^ ^^<^ ^]2:.^ CuIni-xGaxSe2 Si<H^i. [Ga]/[In+Ga]^ i4 

^ ^:^}^^ cSl t+Bf-i^ 

S- 7 ^ £ 8^ ^ ^^<^ ^^^^ ClS^q- CIGS ^^"^^ XRF<>fl 2:^1-^ ^i-^^ 

9(a) tfl;^l 5. 9(e)^ ^ ^^]<^^^'\ CIGS -SI- a S.^-^ 
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^ -g- Et|<a: CuIni-xGaxSe2 'U"^'^ ^th ^<^H. ^^^VTllfe, 

CuIni-xGaxSe2 ^2: ^o]^. 
lo Bf)«y: CuInSe2 (<^1*1-, "CIS"el-jlS. ^) Hfe CuIni-xGaxSe2 " 

CIGS"e|-JL3E ^) i^«>^ €^1^, ^^^^^ 18.8% <^1^^ JL^-i: 

rfl7l A>^5]ciBl-£ T^H-f ^^ofl o]^ ^^^^y^^ 

<^^7\ ol^o^;^^31 ^rif. oje^^ CIS Sfe CIGS ^^1^^^ 7l^S-fe 

(electrodeposition)* wm^V^ <=»^el i^^g^o] oxo_^ ^^^g^^ ^c^.. oj: 

^S) CIGS ^1S§}71 S. AV^EjjL o]t^ -{:{-7l 

71-^ (Metal Organic Chemical Vapor Deposition; ^l^, "M0CVD"2l- ^^fe 

=ii> MOCVDfe ^'a<^l^-1 ^S^^ =r 

€ 7l#ol^l^, ^gfl^ MOCVD 7l^S. CIGS ^13E:«>7|1 ^12: <^>Mh1- 

<12> M0CVD«:^1 CIS 31^ CIGS ^^^'"^l^lfe ^^ofl ^o:|a^, 7]^^ ^-^-^l* 

<*l-g-*H S]^, ^^^^1 Se H2Se 7>>i* AV-g-*V7ll 
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102l^pil828 ^^>: 2004/6/3 

^^-i- $i7l t^i^oji tfl^ >«x|. oi^6jl ^yzj-tb ^Bfl-i: ^ 

i3> i-)-«i>7>. CIS CIGS ^^^^1?l7l ^tb 7l^o.^A^^ o.^ -^Bl 

7l^<^l *slti.^(Mo)» :i3ElB^^ (sputter ing)^<^ ^2}-^>jl, H ^<H"| '^^^V^ ^J-'^^ 

A>^-&H -Br-a^*^! >im^<^ €^1^ #-g-^^^ 

14> ^ ^tg^ ^7] ^^]^^ n^^7] ^*V<^ t>*€ ^^S.. ^ >flS 

ol ^V^^SjoL ;^«1-§-^S. tfl^ A^xvol 7>^^. MXVD<^ ^«fl ^*9= ^^l-§- CIS CIGS 
-^s. ^;^l-§- CIS £^ CIGS ^1-^^ ;^2:*>^ ^^^^ ^"g--^^ 

CIS SEfe CIGS >ilS-5>^ IJ-^* 

cl7> ^7] ^^4: ^■^«>7l ^ ^7l#S 12^, III^ ^ VI^ €^ 

«^l-g-«H ^^J«17V (I^)-(III^)-(VI^)2^ >«2:*>fe ^O^Ai, (1) 

^ 7l^ ^o)l rl-.^ (iiis.)_(vi^) o]^-S}c^ ^7] 7l^ ^^^-^l 

iii-vi ^^1- -^^^^Vfe ^/^l; (2) >S-7l (III^)-(VI^) I^ i^«> 

^ *>i-§-«M, ^7] fs^n 7]^ ^^^<^i (i^)2-(vi^)^^-i: n^^^}^ ^ 
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^ (3) -^7] (i^)2-(vi^) (iii^)-(vi^) <>l-§-«V<^. -^71 

7]^ ^^^<^ (i^)-(iii^)-(vi^)2 ^]2i«r>^ if-^m (I^)-(III 

^)-(VI^)2 ^12: >ll^tt4. 

18> ^ ^1^^ x:^.^ ^^<^1 ^^V^. ^ ^^-g:. ^-Sl- ^7l^S III^ ^ VI^ € 

^s.^ o]-g.*Vc^ ^^Wl7T- (I^)-(III^)-(VI^)2^ ^^^^ ^^«^ $1^1 

Ai, (1) 7m ^<=fl (III^)-(VI^) <^l-8-«V^ -B-71 7l^ 

^'^'fl iii-vi ^^1- ^^^^fe (2) ^7] (III^)-(VI^) ^^^<^, 

^ i^^Vfe <^i-8--sv<^, -^71 7]^ (i^)2-(vi^)^^-i: ^ 

^ (3) ^7l (i^)2-(VI^) ^^^"^ (llI^Mvm) <^l-§-«H. 

-^71 si-^ 7i>a- ^^'^"^i (i^)-(iii^)-(vi^)2 ^^1; ^ (4) 

7l (I^)-(III^)-(VI^)2 31-§-^l(solid solution)^ :^2:-S>^ i^«>^ 

(I^)-(1II^)-(VI^)2 ^-§-^ ^-^-tti:!-. 

(1) ^^11^ 71:&^<H1 In ^ Se« ^f-*>^ *^l-§-*V«=^, -^7] s^r^ 7] 

^ ^^^^] InSe^^^ ^^^^ ^y^; (2) ^71 InSe^^-S-^^l Cu» i^^^ 

<^1-g-*H, -H-71 ^«|- ^^i^<^ Cu2Se^^^ ^^^^V^ ^ (3) ^7] Cu2Se 

^^^<^ In ^ Se» i^^V^ ^^l-g-^V*^, -a-71 5!-^ 7l^ ^^^^-H] 

CuInSe2^^* ^^^^m ^^1* i^^>^ n'Q' ^^1 ^^^^ ^IS IJ-^^ ^^ll^^T^. 
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1^ l-^S? ^-gAlofliifl n^-^ CIGS 100^ 7l|^^^S. v|-B]-i^ 

2i> HA]^ tifiq- :g-ol, ^ ^^aHHI CIGS U"^ 100<^ ^*>^. ^^"1 

. Mo ±m 7m^<=^ ^#(In) ^ €sO^(Se)l- S^^^ [Me2ln-( iiSeMe)32l- 

'^l^^':^. MOCVD^^l InSe ^^^^^-C^:^! S102). <^7]«iflAi, Mefe T^im(methyl)# 

^^ifl^. Seol In4 o]^o_s, ^^^Ubridge)^ ^^-^ ^-§-* 
«fl tc|-s^, CIGS ^'^^*>7l -sH^ 7m^S.>H ^^^-^S. -B-^^^<>1 7]^o] 

22> rl-^o.^.^ :£ lo]] a>s^- :^ol, inSe ^^<^1 ^^^^ ^e1(Cu)« S^«>^ 

^1, (hfac)Cu(DMB)» ol-§-^<^, MXVD^«^ ^«fl Cu2Se ^^^'^(^n S104). «^7l 

<^>|, (hfac)^ ^A>§SS.<sl->^€<^H1S. (hexafluoroacetylaceto)<^H, (DMB)fe S.S-tq-oliiil^ 
(dimethyl (but ene)<5lt^. 

<Z3> tf^^S., Cu2Se ^^-ol 7m >^<^ In ^ Se« ^"^^V^ ^t^^, ^, [Me2ln-(ii 

SeMe)]2l- <il-§-«l-^. M0CVD^«^1 CuInSe2 ^^^tt^-(^^l S106). CuInSe2 ^ 

^^*]-7l ^tb ^n^^l^ [Me2ln-(iiSeMe)32^ ^^1 S102<^1>H <5l-g-£)^^ ^4 *"a*>i^. 

<24> CuInSe2 ^^^^-l ^^^^ ^l^S: >^ofl ^#(Ga) ^ Se« Jft^^ ^t^^I, ^, 

[Me2Ga-(uSeMe)]2«- '^l-S-*}*^, MOCW^«^ CuIni-xGaxSe2 ^^^tb4(^^1 S108). 

[Me2Ga-(iiSeMe)]2fe ^7l [Me2ln-( uSeMe)]2 In Ga^ tfl^ltb ^^jVo] r^-* ^o]tl-. 



21-7 
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!5> O]^. ^7]^ 100^ 4# CIGS >fl2:<^ ^ ZL ^^O^ -g- 

}6> ^ 'M^l'^H'H^, CIGS ^la^» MOCVD ^^1. ^ 

/^^^ MOCVD ^^1^, (hf ac)Cu(DMB) . [Me2ln-( iiSeMe)]2 ^ [Me2Ga-( iiSeMe)]2 ^t^^7> «-<H 
Slfe tillr^j (bubbler)* ^*>^J$-S. «-8-l: ^ SA^^ ^^^S. CIGS ^IS 

«>S.^ €r>^ ^t>l wV^^I^M. ol^TJl CuIni-xGaxSe2 5.^^^ ^ 2: 

27> ::p.^^o.s.^, •^>^;g M(In, Ga)-Se ^t^^U^, [Me2ln-( uSeMe)]25il- [Me2Ga-( iiSeMe)]2 
^^^1) ^ Cu ^^^(^. (hfac)Cu(DMB))l- <^l-§-*><^. ^ ^'^^ ^13: ^J"^ 100<^1 
0.2inm. 1 ^^1^ Mo 7]^^<^ In GaS] 3i^iBl7V a-^s. t^€- 57lls? CIGS ^^i^^ 
a ^^1 e)^ , :^3i^ CIGS -g^^ $^*>5l^. 

28> 2^ ^ ^Al<:^HA-l A^:^-^ inSe XRD ^^M: ^B^-ifl^^ , £ 3^ ^ ^^1 

<^Hl^i Cu2Se XRD M-Bl-vH^ ZLSfl^om. £ 2 ^ :£ 3<^ £^14^ w>S!l- ^ 

<*1, InSe ^^'a-<^ (hfac)Cu(DMB)» CuS -^^^^^ InSe ^^<^1 Cu2Se ^^.^S. 

"^T ^ i4<^>7>. Cu2Se XRF^ ^^tt In-$r 

<29> SEtt, £ 4^ -& ^aHHa-I a^^^ CuInSe2 XRD ^-H^-ifl^ ix2fl=£olc|-. 

£. 4<^ vi\-si\- A^^a-:^ CIS ^^^^^ XRD ^^7} S.IL^ CuInSe2 XRD 

^i^^ ^ "S^l^^ ^^S. :a-<>V, CIS ^^^^ ^«j-^:^KTetragonal) =^3^^ ^"^^^ 
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102!|^pfel828 ^^>: 2004/6/3 

«> :£ 5^ ^ -^'^H'^'H CuIiii-xGaxSe2 XRD ^i^* M-Bfvfl^ n5flH.olr:|-. £ 

CIGS XRD XRFS. 2:AV^ [Ga]/[In+<Ja]^ 2:^<^ 

}i> tb^, :£ 6^ ^ ^Al<^Hl>H CuIni_xGaxSe2 ^^-^^^l 9X^^^, [Ga]/[In+Ga]^ 2:^ 

ofl ic|-e). 2a^ c7V -S^^^S. :^i5i-&>^3l, [Ga]/[In+Ga]^ Si^^'^] itj-s. ^7i>^^ 2a 

^sj-i:^ 2^-4 0.3295^1- 0.602S. €- ^V^!* JS-^^. 

32> . CuInSe2^^^ ^T^fe a=5.77A. c=11.54A-^S li^ic^i3>(Gryunova)^ 

:g3i\-^ Bfl-f CuIni-xGaxSe2 x7> 7>^ €■ Q.96(.^^ e) 

^^11, ^-T- a=5.612A, c=10.953A^^, Gryunova7V ^51^ CuGaSea ^ ^^V-^t^^ a=5.60A, 
c=10.98A3f ^ -g^l^^ -a ^ 9X^. 

33> 5. 5 ^ 5. eofl S-^m CIS^ x7> ^7>^<^ 2a^cS 

^^^] ^-2.^-, CIGSS1 :^-f x7> ^7>^«^1 i42V c<2a7> sj^A-^ c^o.^.^ SJ-%^^<^1 
5)-^* ^ o;^x:^ o^7l«:.1lA-l, :£ 5» :S-2:^V^, CuIno.o4Gao.96Se2 XRD ^i:^ 

<flAl 29=45.68 • 29=46.17 * «^ ^ 7ll^ 5q37> ^^'^■t ^ ^t^. <^1^^ 
2a=c^ ^-f<^1 [2203^3). [204]^<^1 tfl^H ^^-^..^fl 5i|a.7> i^Bi-uj-^til , 

^ ^ ^3.7} ^o]^. CuGaSe2^ [220]^^^ [204]^2l X 

^ ^3.^ 29=45.656 ' 29=46.147 * ^ ^^S. ^JL^'^ 

<34> tt^, £. 5«^Al, Ga ^:^1^<5l €^^1 41-^«^Sl 5^31^ Mo 

7]^^ Sltb ^o]T3^, XRD -¥-i=l'^lAi 15" eiJ-^ ^o] 3113.^ XRD n^^^] ^^^S. a> 
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35> tl-^^S., S.7 ^ SlB^ ■& €'«'HH>H CIS4 CIGS XRF<fl 2: 

S'^^Wll: ^<^^cj.. JEA]^ v\st\. :^c], ^z]^^ vfl^ 712(SEfe 812) ^ 714(]£fe 

814)7> JJl^V^Vfe ^ 702(2.^ 802)^ Cu : In : Se = 1 : 1 : 2^ ^^^w]* 7}^]^ ^o] 
^, ^ ^* A, B, C, D ^ E(3£fe b, c. d ^ e; b ^fl^^l e<^] «fl^€t^.)^ ^ ^^1 

c^H^I ^^d] v+Bj-i^T^. ^ 3)^ 712(S£fe 812) ^ 714(2E.^ 814)^ ZL5|^ 

a(Groenink)^ «^4(Janse)<^l ^«fl ^-^S., Cu2Se-In2Se3^1« 712(SE^ 

812)fe ti11-:^H^(non-molecularity). ^, dm=([Cu]/[Se])-l^ ^Bfifli^, 714(Sfe 
814)fe al(^^)^^^^>^(non-stoichiometry), ^, dz=(2[Se]/([Cu]+3[In(Ga)]))-l^ ^^'S. 

^ SEtb, ^A^-i 47fl5l ^^^y^cli, ol^ofl Cuin, Vse, Incu 

^3z)- ^Bfl^ Groeninki^ Janse7> ABX2S 5.^1 ^l-ilrt!: 
(defect chemistry)^ ^^l^htb ^1^^ ^£ ^^fe (Seebeck) JL^S. ^^tb ^ 

511- P^oio^r^.. 

<37> S. 7 ^ S. 8^ ^^-3.^^ -S- ^'^HH'H ^^^^ CISSil- CIGS 'fl-?- 

-s^v^ ^^wi* 7}:^]^ o^^^ ^^-ir ^ sxn 

<38> S. 9(a) xfl^l 9(e)fe 4^ ^ CIGS a ^fl^l e^ 

[M]/[Se]sl 3711 ^^slfetfl. ^71 Hl7> ^^51 3.7]^ ^ ^ ^4. 
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^ oH <il-v|t!:tl-. ^, ^7]^ ^AH^flAl^ ^oj: «i-til-o.s.Ai CuIni-xGaxSe2 

^^(^. 0:^x:^l)* ^^"^l tt^^H -i^^V^-^M-. "^Ife ^^1 ^7l#S 

I^, III^ ^ VI^ <^l-§-«]-<^ T^^«l7l- (I^)-(III^)-(VI^)2^ ^ ^ 

40> «^7lA^, Cu JE^ Ag ^ ^7l^^<:>llA^ 1^<^ #^V^ S.^ 

S^^Vjl, III^ '^l- In, Ga Al ^ ^7l#SoflAl S^d^ H. 

^ 3L^«H, VI^ 1-^. Se, S SEfe Te ^^S. ^7]#aoflAi yi^ofl ^•g]-^ s.^ 

:4i> <m» ^^-1 (III^)-(VI^) ^^^1^ [Me2(III)-(ii(VI)Me)]2* 

-^7] 7l>8- ^^^«^ Sl«fl (III^)-(VI^) "^^tfl, InSe, 

GaSe, AlSe. InS, GaS, AIS, InTe, GaTe AlTe ^-^^ <>1i:^ ^^^^ ^ 

^ T=f^-^s., ^7] (iii^)-(vi^) -^^(<^mt)], Ag cu 

:^^jJ0(i7> 27> ^=^y^m: **i-§-*>«^, -B-71 7]^ ^^^^ (1^)2 

-(VI^) -^mtll, Cu2Se, Cu2S, Cu2Te. Ag2Se. Ag2S ^fe Ag2Te <^i^ ^ 

<43> t:f^-^S.. ^7] (I^)2-(VI^) (III^)-(VI^) <>l-§-*M. -B-71 

^-Sl- 71^ fil^ (I^)-(III^)-(VI^)2 ^^^f-^S-i^ ^ ^^^1 ^tt ^ 
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w> ^^}7}. ^7]£i\- :^2i^ ^:^l-§- ^^S>\ ul-g-^(solid solution)^ ^5. 
^IS. H^b ^ 5ll4. ^]^^ CuIni_xGaxSe2. Cuin i-xAlxSe2. AgIni_xGaxSe2 S 

CuIn(Se,S) 2 '§-'='1 

45> Tt)-2^-Ai. ^ 7]^ A}^^ «?Jo^o^ n^)-(VI^)2 ^^l" ^ 

aL4-^(solid solution) ;^12:«>^ 7llAl§>^ «|1445)010> «>TJ^, ZL 

46> ^ ^^ofl ^^m, M0CVD«^1 CIS CIGS ^^"^ >^1^^<^1 SX^^"]. 

•47> Htt, ^^"^l :^>q-g- CIS £^ CIGS ^tb 
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11 

^7l^X I^. III^ ^ VI^ «^l-§-^V«^ (I^)-(III^)-(V1 

(1) 7m ^<^i (iii^)-(vi^) <^i-8-«^>«=^ -a-71 ^ 
iii-vi ^n-, 

(2) -^71 (III^)-(VI^) i^^Vfe «^1^^V<^, -fi-71 

7i^ ^%^<^ (i^)2-(vi^)^^* ^^^>^ ^ 

(3) -^71 (I^)2-(VI^) ^^^<^ (III^)-(VI^) <^1^^H, -^7] 

7l>8- ^^'S'^H (I^)-(III^)-(VI^)2 ^2:^ 3L-^«1-fe (I^)-(III 
^)-(VI^)2 ^^^^ ^1^ li-^ . 

2] 

'S-71 (III^)-(VI^) ^<HS InSe, GaSe, AlSe, InS, GaS, AIS, InTe, GaTe ^ 

AlTe* it*>fe ^^^^ *>M-^ ^^-^l (I^)-(III^)-(VI^)2 ^1 

31 
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(i^)2-(VI^) Cu2Se, Cu2S, Cu2Te, Ag2Se. Ag2S ^ Ag2Tel- 5.^«>^ 

^ ^n^^ -^VM-^ (I^)-(III#)-(VI^)2 ^^1-^ ^12: IJ-^. 

41 

Mo ^^11^ (I^)-(III^)-(VI^)2 ^^1-^ >flS 

«<}-^. 

51 

^7l#iL I^, III^ ^ VI^ ol-g-^<^ ^^J«l7> (I^)-(III^)-(VI 

^)2^ ^-§-^l» ^l^^l-^ ^^<^ $1<H^-1. 

(1) 7]:^ ^ofl (ni^)-(vi^) ^^^1* oi-i-^vo^ -^71 7i>a- # 

III-VI ^^1- ^^«>^ 

(2) ^7l (IIia.)_(vi^) «i-^>S-6fl, i^*>^ ^^^1* ^l-8-«V«^. -^71 

71^ ^^^<^] (i^)2-(vi^)^^^ ^ 

(3) ^7i (i^)2-(vi^) (ni^)-(vi^) ^^^1* <^l-§-*H. -^7] 

71^ (ia.)-(ni^)-(VI^)2 ^12:§>^ ^ 

(4) -^7] (ia.)-(ni^)-(VI^)2 ul-g-5fl(solid solution)* ^;^]» it 
(I^)-(III^)-(VI^)2 ^^1-^ ^-S-^l IJ-^. 
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^7] (I^)-(III^)-(VI^)2 31-8-^Usolid solution)^, CuIni-xGaxSe 2, Culni-x 

AlxSe2, CuGai-xAlxSe2, Agin i-xGaxSe2, AgIni-xAlxSe2, AgIni-xGaxSe2, CuIn(Se,S)2, 
CuGa(Se.S)2, AgIn(Se,S)2, AgGa(Se,S)2, CuIn(Se,Te)2. CuGa(Se,Te) 2. AgIn(Se,Te)2, 
AgGa(Se,Te)2, CuIn(S,Te)2. CuGa(S,Te)2, AgIn(S.Te)2 ^ AgGa(S,Te)2« 5.^*>^ ^-^^^ 

^^<^]^^ ^^^^ «>M-^ (i^)-(iii^)-(vi^)2 51-%*^ ai-§-^i 4^ 

(1) ifc^fl^ 7m^<^ In ^ Se» *^l-§-^<^, -^7] 7] 
#^^<^1 InSe^ti]-^ ^^^^fe 

(2) ^7l InSe^^-^«^ CuS it*}^ <=»l-8-^«^. -R-7l 7]^ 

«^ ^«fl Cu2Se^^* ^^^*>^ ^ 

(3) ^71 Cu2Se^^^^1 In ^ Se» <^1-§-*V«^. -B-7l 7l^ 
^^^o^ S]n CuInSe2^^^* m^^^}^ i^*>^ ^^1 ^^f^^ ^IS 1}-^. 

I^^*^ 8J 
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02^^Pl828 ^^>- 2004/6/3 

^8-71 ^;^(i)<fl>H 7]%-er Mo ^^^s. *>fe BJ1«3: ^^^^ 

m=?-^^ 91 

>8-7l In ^ Se» ^t^^^ [Me2ln-( iiSeMe)]2^ S^^^ 

■s-^o.^. ^^f^^ ^IS 'S-^.C^', Me^ i^im(methyl)* M-Hi-tflis^, Se^l 

1:^^% 101 

(4) ^7l CuInSe2 ^^^<^1 Ga ^ Sel- 3L^^>fe ^-^-^l* <^l-§-*><=^. -^71 7] 
^ ^«fl CuIni-xGaxSe2^^(^. 0^x<l)^ ^^^«>fe t^") ^"t^fe ^^1 

^^^^ ^12: 
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1828 
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